Abstract-A resource allocation optimization for indoor Optical Wireless Communications is proposed. A smart coordinator tries to maximize the channel capacity by enabling or disabling the communication of the devices subject to system constraints. Binary Cuckoo Search and Genetic Algorithms were used in order to solve the binary NP-HARD optimization problem. The results show that the total channel capacity slowly decrease while the number of users increase. On the other hand, per-user capacity decrease faster than the total capacity. The minimum QoS of the system is achieved. Binary Cuckoo Search overcomes Genetic Algorithms when dealing with the proposed optimization problem
I. INTRODUCTION
Ubiquitous Computing, now also called Pervasive Computing, collects information from a variety of sources, this, can occur by using any device, in any location and in any time. Due to the recent advances in wireless communications, integrated digital circuits, micro electro mechanical systems and the mobile technology [1] many devices, such as, PDA's, Notebooks, Mobile Phones, Body Sensor Networks, RFID, among others, are now connected through a wireless link. Information comes from a large number of sources in a dynamic way, making its collection a difficult task when there is a large number of sources.
Most of the development of ubiquitous computing applications has been possible because of Radio Frequency (RF) based systems such as mobile phone networks and Wi-Fi [2] . RF technology been used for delivering identification and positioning information [3] , [4] , it has been applied when dealing with pervasive health applications [5] , [6] , Smart City and Smart Village [2] , Pervasive Agriculture [7] and Earth Sciences [8] .
In the recent years, Optical Wireless Communication (OWC) has been subject of study of many researchers. Optical Wireless Communication is referred to communication provided by InfraRed (IR), Visible Light (VLC) and Ultra Violet (UV) communications systems. Visible light communication has taken advantage from the other categories in for downlink applications because of LED's lights can be pulsed in a very high speed without noticeable effect for the human's eye and it uses the current illumination architecture to provide wireless communication.
OWC has been applied in many fields where Radio Frequency (RF) systems have been broadly used, some of these applications are: transmitting internet data (Li-fi) [9] , [10] and indoor localization and tracking [11] - [13] , among others.
OWC provides many advantages compared to RF. OWC does not affect other systems because of the electromagnetic interference [14] , OWC has a large bandwidth making possible the allocation of different channels without interference (from 400 to 800 nm), also, OWC does not pass through walls, making this communication system safer than the RF and allocable for inbuilt systems [15] .
OWC using Orthogonal Frequency Division Multiplexing (OFDM), which is a wireless multi carrier transmission scheme, has been addressed previously when dealing with OWC based systems. Tsnev et al proposed that the VLC communication system can be the solution for to the crisis of looming RF spectrum crisis for indoor environment and briefly introduces the Li-fi multi cell using OFDMA and the potential of this scheme for uplink [16] . Saha et al proposed the optimization of the downlink in a OFDMA based Visible Light Personal Area Network (VPAN) and for a VLC based Wireless Sensor Network, which satisfices the Quality of Service (QoS) requirements and maximize the capacity of the channel by means of an intelligent interference coordinator which avoids the Inter Cell Interference (ICI) produced by other sources [17] , [18] .
In this paper the authors propose the optimization of the downlink channel capacity in VLC based system by means of a smart coordinator. The main aim of the smart coordinator is to allocate the transmitters in at least one subcarrier and maximize the bandwidth of the system in order to allow higher data rate demanding devices connection. For this purpose, the optimization problem intends to maximize the transmission rate of the channel (R) by allowing or denying the connection of the devices in a previously defined sub channel, this optimization problem is a binary NP-hard optimization problem due to the decision variable is a binary integer number.
The paper is organized as it follows. In section 2 the model formulation is proposed, in section 3 the fitness function and the system constraint as well as a description of the methods used in solving the optimization problem are formally proposed. In section 4 the results are delivered and discussed. Finally in section 5 the conclusions of the study are presented.
II. MODEL FORMULATION
In this paper, the downlink optimization of a Visible Light Communications (VLC) in a multiple device network is proposed.
In the ceiling, a total amount of C low power LED lights are connected to a smart coordinator. Each LED light is used as a transmitter. Users (u) are randomly located inside the room receiving information from the devices placed in the ceiling. The smart coordinator turn on and off each light with and unnoticeable speed for the human eyes. LED sends the information to the devices located within the room in different time slots t. One of the main constraints of the VLC link is the maximum power in which the communication is safe for the human's eyes. Due to this, a high number of LED lights cannot be turned on at the same time.
The total amount of devices (U) are located in randomly distributed positions. Each device u, u ∈ U acts as a receiver.
Most of the applications of optimization in VLC are used in static situations [19] . In this paper the scenario is considered as static for T time slots. The Fig. 1 shows the system diagram. On the left side of Fig. 1 we show the scenario with = 4 LED lights connected to an smart coordinator. The right side describes the operation in the time for transmitters. In this paper we use 100 LED lights how it will be discussed later in Fig. 2 . In a single optical link, the received power by the user u from the transmitter c, can be expressed as
where R is the responsivity of the PD, H , is the optical channel gain of the channel c to the user u and P is the power transmitted by the LED light c.
The channel gain (H , ) is independent from the carrier frequency. It depends on the relative position between the transmitter and the receiver. Due to this, the proposed optimization problem proposed an spatial assignment of the channel, in order to increase the channel capacity. Channels are assigned to the different users in different time slots and from different places. The channel gain can be expressed as: 
Where: m is the Lambertian order transmission of the LED light, A is the Area of the PD, d , is the distance between emitter c and receiver u, φ , corresponds to the angle of irradiance between the emitter c and the receiver u, ψ , is the angle of incidence of the signal from emitter c to the receiver u, T ψ , is the gain of the optical filter and g ψ , is the gain of the optical concentrator. The parameter ψ is the receiver field of view (FOV).
The signal that comes from each device can be interfered by the signal emitted from another transmitter. The Inter Channel Interference (ICI) affecting the device u in the channel c (σ , ) is given by:
One of the most important indices for measuring the quality of the wireless link c assigned to the user u is the Signal to Interference Noise Ratio (SINR) which is given by:
Where η is the sum of shot noise and the thermal noise.
The total channel capacity is the maximum rate in which information can be transmitted in a communication channel. It is measured in bits per second. The channel capacity for each user can be expressed as:
where B is the bandwidth of the channel in Hz.
III. METHODS
The objective function, tries to increase the maximum allowable bit rate by assigning each device u to a pre-defined channel c. In order to increase the maximum number of LED lights that can be installed in the ceiling a time slot transmission scheme was adopted in this formulation. The optimization problem is formally proposed:
x , ∈ {0,1}
The equation (6) maximize the total channel capacity for T time slots, the constraint (8) establishes that each channel c can be used at the most by 1 device at the time t. The equation (9) corresponds to the maximum power that can be used at the time t in order to ensure compliance of eye's safety power threshold. This, because the amount of light inside the room can cause eye damage if the power is higher than the maximum allowed power. Finally the equation (10) forces to the system to provide at least a bandwidth of B for each user.
The variable x , turn on or turn off each led light c which is transmitting information to the user u at the time t. The variable x , = 1 means that the channel c is enabled for transmitting information to the user u at the time t, and x , =0 implies that the channel is disabled in the time t.
In order to solve the optimization problem presented previously the constraints are introduced in the objective function in the form
where f(x) is the fitness function and P(C ) is the penalty function for the constraint j=1,2,3.The penalty function is defined as:
where π is a scalar number which corresponds to the penalty factor.
The original formulation can be re-written as we can see in the equation (13) . 
A. Binary Cuckoo Search
Cuckoo Search optimization is a meta heuristic optimization algorithm inspired by the way that some species of cuckoo birds look for nest to lay their eggs [20] .The initial population of nests with size n is fixed. Each nest represents a solution for the optimization problem, the nests are initialized randomly. The new nest is generated by:
Where:
Step size α > 0 Levy(λ): Random number ⊕: Elementwise add operator Levy flight represents a variation of random walk. The step length is determined by the Levy distribution
In Binary cuckoo search [21] a threshold function is used in order to discretize the solution X:
Where, x ∈ X, i = 1,2, … , N, N is the total amount of binary decision variables. The threshold value was set to V = 0.9, the step size and lambda values were set as α = 0.01 and λ = 3/2 respectively.
B. Genetic Algorithms
Genetic Algorithms is one of the most popular metaheuristic optimization algorithms and it has been used extensively in many fields of research. It simulates the natural process of natural evolution of biological creatures by means of random search. Each solution, represented as a chromosome, evolves by employing three fundamental operations: Reproduction, Crossover and Mutation. Reproduction corresponds to the random selection of the parents from the population based on their fitness value to create one or more offspring. Crossover is how the selected parents from the population are combined and finally, Mutation is a random modification which guarantee the possibility to explore the solution space. The number of individuals in the population remains constant for all the iteration of the algorithm [22] .
IV. RESULTS
The proposed model as well as the problem formulation was implemented in MATLAB. Six different scenarios were considered. A total of 100 LED lights was used for all the proposed scenarios. The number of users was varied on each scenario as is shown in Table I . The stopping criteria for both optimization algorithms was a minimum change on the on the fitness value within the iterations. This value for the stopping criteria is set to 10 .
The scenario proposed for 64 users is shown in Figure 2 . The users are randomly distributed for each run of the algorithm. The SC decides which LED light should be powered on for sending information to 1 user at the most for each time slot. Simulations for the different scenarios has been performed 100 times in order to obtain the mean value of the total capacity and the mean value for the per-user capacity using both algorithms, GA and BCS. Due to the power constraint, the maximum number of transmitted lights that can be powered on at the same time is 60. Fig. 2 . Proposed scenario for 64 users Fig. 3 (a) and (b) show the expected value for the total channel capacity and the expected value for the per user capacity. It can be seen from both figures that BCS overcomes GA when dealing with the proposed optimization problem. BCS achieves significantly better results when dealing with a reduced number of users. When the total number of users increases, BCS and GA have closer solutions. The total capacity decreases slowly while the number of users increases. On the other hand, the expected value for the per-user capacity abruptly changes from 2 to 4 users and remains almost constant from 30 users onwards.
V. CONCLUSIONS Two metaheuristic algorithms have been used for solving the proposed optimization problem. Feasible solutions were found when dealing with linear constraints. For this purpose, the usage of penalty function method has been proposed. The total channel capacity slowly decrease while the number of users increase. On the other hand, channel capacity decrease faster while the number of user increase. The minimum bandwidth requirement is achieved by using the proposed procedure, namely, the QoS proposed by equation (10) is accomplished. For future studies, a larger number of LED lights with less power will be used in order to compare both scenarios. 
